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INTRODUCTION
In recent years, attitude stabilization and tracking maneuver of a rigid spacecraft have received a great deal interest, which has important practical significance, such as space station docking and installation, slewing and pointing maneuvers of high-accurate spacecraft, and formation flying. However, spacecraft attitude system is a strong coupled and highly nonlinear multi-input multi-output system, and therefore various nonlinear control algorithms are employed to solve this problem.
In [1] and [2] , variable-structure or sliding mode technique is used to design robust attitude tracking controller. In light of nonlinear feedback linearization, adaptive attitude controller is investigated in [3] . In [4] and [5] , robust H  control laws are proposed to deal with attitude control problem. Besides, Cheng and Shu proposed two fuzzy controllers for the attitude stabilization of a satellite [6] . These algorithms mentioned above can accomplish attitude stabilization or tracking maneuver in the presence of various uncertainties.
However, the settling time of the attitude is very important for the spacecraft mission, and therefore at present finite-time attitude control has become a hot research topic. In [7] , robust finite-time controllers are proposed for spacecraft attitude tracking based on quaternion and terminal sliding mode (TSM). In [8] [9] [10] , fast TSM and adaptive laws are employed to solve attitude stabilization or tracking problem. Based on geometric homogeneity and separation principles, global attitude controllers are proposed in [11] [12] . Du and Li [13] adopt adding a power integrator and finite time theory to design attitude tracking controller and distributed attitude control law. Furthermore, fixed-time attitude control schemes [14] are initially proposed to steer attitude tracking errors to the origin.
In this paper, based on MRPs, taking into account inertia uncertainty and external disturbances, the attitude kinematics and dynamics are expressed as state-space-like form. Then, finite time attitude controller is designed, and smooth second sliding mode and disturbance observer are combined to formulate robust attitude stabilizer, which does not require the boundaries of the lumped uncertainties and reduces the chattering phenomenon.
II. PRELIMINARIES AND PROBLEM FORMULATION
The attitude motion can be described by two differential equations with respect to a rigid spacecraft. The kinematic equation expounds the relationship between attitude angles and angular velocities, while the dynamic equation describes the evolution of the velocity vector. In the sequel, MRPs is adopted to represent the attitude of the rigid spacecraft, and therefore the attitude orientation can be expressed In practice, external disturbances are bounded and inertia matrix cannot be exactly known, and it is necessary to provide the following assumptions. 
III. FINITE TIME ATTITUDE CONTROL DESIGN
Firstly, it should be noted that the variables in (1) and (2) is different, and mature algorithms cannot be directly applied to this model. Therefore, the attitude kinematics and dynamics is transformed into state-space-like form. Take the time derivative of the attitude kinematics, and the result can be obtained as follows 
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is defined as follows
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Proof: Take Lyapunov candidate function:
Taking its time-derivative and substituting attitude system (1)-(2) yields
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Then, substitute attitude control law into (7), and it leads to 
can be obtained that 0
is not an attractor, and the sliding mode  0 S can be reached in finite time from anywhere in finite time. Thus, control scheme (5) can guarantee that the attitude errors can be steered into the origin in finite time.
However, the boundaries of uncertainties J and disturbances d can not be obtained, and switching gains is selected large enough. It is well known that the amplitude of chattering is proportional to the magnitude of discontinuous control. In order to solve these two issues, adaptive finite-time attitude controller is designed to achieve the control The attitude orientation and angular velocity are shown in Figure I -II, it can be seen that they are derived to the origin around 2.84s and 3.17s, respectively. Switching function is replaced by second-order sliding mode term, and it is shown that NTSM variable can still converge to NTSM hyperplanes in finite time, which is described in Figure III . However, chattering phenomenon is reduced, and torque inputs are continuous in presence of the lumped uncertainties. These results can be obtained in Figures III-IV . Attitude controller (5) can guarantee that the closed-loop system is stabilized in finite time, but switching term causes the undesired chattering; the differences between (5) and (11) can be seen from figures III-IV, which is omitted. In this paper, with respect to spacecraft attitude stability, model transformation is separated from the design of attitude controller. On the basis of MRPs, state-space form is obtained, and then finite-time attitude controller is designed in light of NTSM technique. To reduce the chattering and eliminate the requirement of the upper bounds of inertia uncertainties and external disturbances, adaptive finite-time attitude stabilizer is proposed by smooth second-order sliding mode and disturbance observer. Finally, numerical simulation has been presented to illustrate the developed methods.
